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(M= Ni, Co, Cu) 负极材料的结构性质、电子性质与电化学性能进行了计算，以


































LiMN (M=Ni, Co, Cu) 负极材料电子结构计算的结果表明，[LiN] 原子层与 M-N 
原子链上的原子成键强弱的不同导致了它们的材料在电子结构上的差异。结果还









































Lithium-ion batteries, from its first commercialization until now, has experienced 
only about twenty years. However, its application has been rapidly expanded from the 
initial mobile communication equipments to a variety of portable electronic products 
that related to people’s daily life and entertainment, military, aerospace and medical 
care, and to the developments of large and medium-sized energy storage devices and 
hybrid or battery electric vehicles (HEV or BEV), and so on. The development in 
these areas spurred an ever-higher requirement on the energy density, reversibility and 
safety of lithium-ion batteries. In order to meet the growing needs of energy 
conversion and reservation, searching for new innovative electrode materials and 
improvement of the existed ones become the on-going research hotspot recently. The 
present dissertation consists of three parts. Based on the density functional theory 
(DFT) first-principles methods, the structural, electronic and electrochemical 
properties of the graphene-fluoride cathode materials and the lithium transition metal 
nitrides LiMN (M=Ni, Co, Cu) anode materials as well as the structural design of 
novel energy storage materials (STFs) have been investigated.  
In part I, our studies are mainly focused on the graphene-fluoride cathode 
materials. Firstly, first-principles calculations are performed to investigate the 
structural stability, electronic and electrochemical properties of fluorographene 
(denoted as FG) cathode. It is shown that the pristine FG is semiconducting with a 
wide direct band gap, leading to its weak electronic conductivity. This is the same as 
other carbon fluorides, it is only suitable for the applications in the lithium primary 
batteries. However, after the treatment of iron-modification on FG, the iron-modified 
FG (denoted as Fe/FG) is shown to be half-metallic and its rechargeability is also 
greatly meliorated, promising Fe/FG a potential application in lithium-ion batteries. 
Secondly, for the fluorinated bilayer graphene (denoted as C2Fx) cathode materials, 
the cases of full and half fluorination have been systematically investigated. It is 















gap semiconductor. For the two stable half-fluorinated bilayer graphenes (C2F1-1 and 
C2F1-3), the C2F1-1 is a wide band gap semiconductor while the C2F1-3 is a metal. 
Furthermore, it is found that both the non-fluorinated C atoms and defects in the 
systems are propitious to improve the electronic conductivities of both the C2F2 and 
C2F1. In addition, dependence of the electronic properties of fluorinated bilayer 
graphene on biaxial strains is also investigated. It is suggested that both the magnitude 
and type of their band gaps are closely related to the biaxial strains.  
 In part II, the structural stability of LiNiN anode material and electronic 
structural properties of the LiMN (M=Ni, Co, Cu) materials are systematically 
calculated. Firstly, for the experimentally synthesized hexagonal LiNiN, the 
calculated lattice constants and electronic structures are in good agreement with the 
experimental ones. However, the total energy calculations suggest that LiNiN in the 
tetragonal structure is more stable than the hexagonal one. Therefore, the phase 
transition energy barriers and pressures between these two structures have been 
further investigated to interpret such an experimental phenomenon. On the other hand, 
for the LiMN (M=Ni, Co, Cu) anode materials, the differences of bond characters in 
[LiN] planes and those in M-N chains are found to be responsible for their different 
electronic properties. It is suggested that both LiCoN and LiCuN are metallic which 
are the same as LiNiN, but they exhibit better electronic conductivity.  
In part III, based on the structural features of some important energy storage 
materials, we have designed a new kind of material named as “sheet-tube framework” 
(STF) which is built up by graphene and armchaired carbon nanotubes. The structural 
stabilities of these STFs have been verified from the perspectives of cohesive energy 
and bonding character calculations. On the other hand, the STFs are metallic and in 
porous networks (the size of pore is tunable) with high activated surface areas, 
promising their potential applications in the field of energy storage. 
 
Keywords: Lithium ion batteries; Electrode materials; Structural design; Graphene 


























































一直到 1800 年意大利物理学家伏特 (Volt) 发明了人类历史上第一套电源装置
(伏特电堆，实际上就是串联的电池组)，才使人们开始对电池原理有所了解，并
使电池得到了应用。两个多世纪过去了，电池发展经历了一系列重大的变革，例
如 1836 年，丹尼尔对“伏特电堆”进行了改良从而诞生了丹尼尔电池；1839 年
Grove 提出了空气电池原理；1859 年，Planté 发明了可充电的铅酸电池 (Lead-acid 
battery)，并在 1882 年实现了其商业化，成为 先得到应用的可充电电池体系。
锂电池和锂离子电池是 20 世纪开发成功的两种具有代表性的新型高能电池。锂
电池包括锂一次电池和锂二次电池两种，这类电池采用金属锂充当电池负极材料，
而正极则采用 MnO2, SOCl2, SO2, (CFx)n 等材料。其中锂一次电池的研究开始于
20 世纪 50 年代，并根据 Harris 在 1958 年提出的以有机电解液作为锂一次电池




Li-MnO2 [2-4], Li-I2 [5], Li-CuO [2], Li-SOCl2 [6-8], Li-(CFx)n [9, 10], Li-SO2 [2, 11, 12], 
Li-Ag2CrO4 [2]等。 
锂离子电池 (Lithium-ion battery，简称 LIB) 是由锂电池发展而来，对于这
类电池的研究始于 20 世纪 80 年代。1980 年，Mizushima 等人[13]首次提出并实
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